We explore preterm-related neonatal deaths using the WHO Application of the ICD-10 to perinatal deaths: ICD-Perinatal Mortality (ICD-PM) as an informative case study where ICD-PM can improve data utilisation to guide clinical practice and programmatic decisionmaking.
Introduction
WHO defines preterm births (PTB) as live births occurring before 37 completed weeks (259 days) of gestation(1). A 2012 systematic review estimated that 14.9 million PTBs occurred globally in 2010, equating to 11.1% of all live births worldwide (2) . More than 60% of PTB were in south Asia and sub-Saharan Africa, where 52% of the global live births occur.
Approximately one million liveborn babies die each year from complications of PTB (4) , and it is also a major cause of multiple perinatal morbidities, including respiratory distress syndrome, necrotizing enterocolitis, intra-ventricular haemorrhage (IVH) and sepsis (5) .
Given the global burden and the risk of adverse outcomes for newborns, preterm birth (and preterm-related deaths), remains a central focus in the post-2015 global agenda. Preterm birth has also been highlighted as a priority area in WHO's vision for improving the quality of care for women and newborns (6) . Better utilisation of data from monitoring systems will be needed to inform the development of targeted health policies and programmes to address this burden.
There are several challenges to epidemiological research and developing estimates of the burden of preterm birth and its contribution to perinatal mortality. Of particular note, inaccurate or absent gestational age assessments for large numbers of women can lead to under-recognition that labour is preterm and a newborn is premature. Misclassification of stillbirths and early neonatal deaths can also confound assessments of liveborn preterm rates, and consequently preterm-specific neonatal mortality. Furthermore, it can be difficult to determine whether preterm delivery is a direct cause of a perinatal death (such as a death resulting from idiopathic spontaneous preterm labour), or a consequence of another condition that causes perinatal mortality (such as an underlying infection, causing both perinatal death and preterm labour).
Building on proposals to categorise perinatal deaths by maternal as well as perinatal conditions (7), and other ongoing work related to perinatal classification systems (8) (9) (10) , WHO, through a consultative process, has developed the WHO Application of ICD-10 to perinatal deaths: ICD-Perinatal Mortality (ICD-PM) (11, 12) . The ICD-PM aims to be a globally applicable in its approach to capturing, reporting and understanding causes of perinatal deaths in all settings. ICD-PM systematically identifies the circumstances of a perinatal death, including: timing of the death (antepartum, intrapartum, neonatal), the underlying perinatal condition causing the death (if present) and the main maternal condition at the time of perinatal death (12) . The objective of this analysis was to explore in-depth pretermrelated neonatal deaths using ICD-PM in two datasets of perinatal deaths, as an informative case study of a challenging condition where ICD-PM can improve data utilisation to guide clinical practice and programmatic decision-making. This is the third in a series of papers related to the development and application of the ICD-PM (Box 1).
Box 1 Outline of the ICD-PM mini-series
Development of ICD-PM and our pilot testing is described in this mini-series of four articles.
Paper 1 (11) details the development of the ICD-PM. Paper 2 demonstrates the application of ICD-PM, using two perinatal death databases from South Africa and the UK (13) . In paper 3(14), we use pre-term neonatal deaths as an informative case study of a challenging condition where ICD-PM allows better utilisation of data around the causes and contributing factors. Paper 4(15) explores the contributing maternal conditions and benefits of changes to the coding rules in the upcoming ICD-11, such that ICD-PM and ICD-MM would utilise the same maternal codes, which is currently not the case.
Methods
The development of the proposed ICD-PM system and its application to two (South African and United Kingdom) perinatal death datasets has been described (11, 13) . In brief, ICD-PM currently classifies perinatal deaths according to timing (antepartum, intrapartum or neonatal) with a main cause of perinatal death and a main maternal condition at the time of perinatal death assigned, and linked to an ICD-10 code, following current coding rules.
For both the perinatal cause of death and the maternal condition at the time of perinatal death, an ICD-10 code is first applied to the recorded clinical data, based on information documented in the perinatal death certificate. That ICD-10 code is then grouped according to two pre-established ICD-PM groupings for the perinate and the mother. The ICD-PM system then organizes the ICD-10 codes for perinatal death into logical groupings (Table 1) .
Perinatal deaths are designated with a leading A, I, or N for the timing of perinatal death 
M1
Complications of placenta, cord and membranes
M2

Maternal complications of pregnancy
M3
Other complications of labour and delivery
M4
Maternal medical and surgical conditions
M5
No maternal condition (antepartum, intrapartum, neonatal) and organized into groups of causes: A1 -A6, I1 -I7, and N1 -N11 (Table 1 ).
This approach is repeated for the maternal condition at the time of perinatal death. The maternal condition is that considered by the certifying physician to be the primary condition in the pathway leading to perinatal death. In ICD-PM currently, the ICD-10 coded maternal condition is grouped in to one of five main ICD-PM groups for the maternal condition, designated with a leading M (maternal).
Setting and Participants
The proposed ICD-PM system was applied to two datasets (13) . In brief, the first dataset The gestational age at time of death is documented on the PPIP form, along with the method of gestational age assessment (last menstrual period, symphysis-fundal height, ultrasound, or clinical examination) and whether this assessment was certain or uncertain.
Preterm early neonatal deaths in this dataset were defined by a lower limit of a birth weight of 500g (in the case of an uncertain gestational age) or 24 weeks gestation (where gestation was certain). The early neonatal deaths for which there was no gestational age assessment were included as preterm deaths if they had a birth weight between 500 to ≤2500g. In PIPPP, both singleton and multiple births are captured.
The UK database captured all perinatal deaths (n=9067) in the West Midlands from 1997- 
Analysis
We conducted a descriptive analysis of the two aforementioned datasets separately. We applied the ICD-PM perinatal causes of death and the maternal condition classifications 
Results
In 
. Cause of neonatal death in all deaths, preterm deaths and term deaths (South Africa)
In the UK dataset (Figure 2 ), across all neonatal deaths the leading causes of death were low birthweight / prematurity (31.6%), congenital malformations, deformations and chromosomal abnormalities (27.4%) and neonatal deaths of unspecified cause (26.1%). In the preterm newborn deaths, the leading causes of death were low birthweight / prematurity (40.9%) and neonatal death of unspecified cause (29.6%). Nearly half of term newborn deaths were due to congenital malformations, deformations and chromosomal abnormalities (49.8%), and 14.3% due to neonatal death of unspecified cause.
In this analysis, preterm newborn deaths were the population of interest. Therefore, for each dataset we analysed the maternal conditions present in all preterm neonatal deaths, as well as maternal conditions present amongst neonatal deaths due to the two most common causes (Figure 3) . In South Africa, 61% of preterm neonatal deaths were due to other complications of labour and delivery, which were all cases of preterm spontaneous labour( Figure 3A ). Amongst preterm neonates who died due to low birthweight / prematurity (n=76), 73% were due to other complications of labour and delivery ( Figure 3C ), which were all cases of preterm spontaneous labour. Of the remainder, 17% were due to maternal medical and surgical conditions, and 9% due to complications of placenta, cord and membranes. Amongst preterm neonates who died due to respiratory and cardiovascular disorders (n=56), 13% were due to preterm premature rupture of the membranes, 14% followed delivery where there was a maternal hypertensive disorder, and 57% were due to other complications of labour and delivery, which were all cases of preterm spontaneous labour ( Figure 3B ). 
UK data on maternal conditions present in preterm newborn deaths
In the UK dataset, the contributing maternal conditions were more heterogeneous ( Figure   4 ). In all preterm neonatal deaths, no maternal condition was present in 36% of deaths, followed by complications of placenta, cord and membranes (23%) and other complications of labour and delivery (22%). Figure 4B shows the maternal conditions present in preterm neonatal deaths due to low birthweight and prematurity -52% were due to other complications of labour and delivery (of which 685/691 cases were spontaneous preterm labour), and 27% due to complications of placenta, cord and membranes, which were largely premature rupture of the membranes, and antepartum haemorrhages. The second leading cause of death in all preterm newborns was neonatal death of unspecified cause ( Figure 4C ). In this group, 53% had no maternal condition, and 29% were due to complications of placenta, cord and membranes, which were premature rupture of the membranes, abruption placentae, and antepartum haemorrhages.
Discussion
Main findings:
In this analysis we used the ICD-PM system for demonstrating the feasibility and utility of understanding contributing maternal factors to neonatal deaths, to guide clinical practice and programme decision-making. We focused on preterm neonatal deaths to show the added value for specific important sub-groups. There were substantive differences in the pattern of causes of death between the two datasets, likely reflective of the underlying differences in the populations and settings.
Strengths of this analysis include a relatively large sample of preterm neonatal deaths, with representation from both a middle-income and high-income country to provide contrast.
Both PPIP and West Midlands datasets are prospectively collected datasets; the West Midlands dataset has been running for several years. However, there are some limitations.
Identification of preterm status relies directly on correct identification of gestational age, which may be limited by the issues around access to health care services and available 
Strengths and limitations:
Interpretation:
In the SA dataset, two-thirds of neonatal deaths were preterm, and the two leading causes of death accounted for three-quarters of these deaths. The contribution of maternal conditions overall and within the cause-of-death groups was quite consistent; other complications of labour and delivery (57% -73%), which were spontaneous preterm labour.
In terms of reducing deaths of premature newborns, clinicians in these settings should therefore focus quality improvement efforts on those interventions known to be effective in this clinical situation. That is, improving the diagnosis and management of preterm labour (particularly use of antenatal corticosteroids), and early, effective care of liveborn preterm infants, such as kangaroo mother care (17) (18) (19) .
In the UK dataset, a third of preterm newborn deaths had no maternal condition identified, and nearly a quarter of the deaths were due to preterm labour and delivery. However, over 50% of deaths due to low birth weight / prematurity occurred following maternal preterm labour, also highlighting the need for improved management of preterm labour and the premature newborns. Where there was no specified newborn cause of death, nearly 30%
were due to complications of placenta, cord and membranes, namely prelabour preterm rupture of the membranes, abruptio placentae, and antepartum haemorrhages. It may be that the cause of death was not specified as the clinician was unable to assign a more specific cause than perinatal hypoxia following the maternal event. Knowing the maternal conditions contributing to these deaths however may highlight the need to consider antibiotics in preterm rupture of membranes (20) , or early recognition and provision of emergency obstetric care in abruption placentae.
As this is a retrospective analysis of both datasets, further testing including prospective collection of perinatal death data using ICD-PM is warranted to confirm these findings and inform the implementation process. The differences in the cause of death analysis between the two settings may reflect different local approaches to assessing a death, different demographics of included patients, and variable resources used to manage the same condition. The strength of ICD-PM in this analysis is its utilisation in different settings, which potentially allows targeted programmatic intervention. ICD-PM derived data could also be used to inform clinical teams in making real-time improvements in clinical care as part of quality improvement processes. As WHO and national health systems move towards ICD-11, there is also the opportunity to align the codes used in ICD-PM to reflect those used in ICD-MM for maternal mortality and morbidity, as explored in this mini-series (15) .
Conclusions
Given the global burden and the risk of adverse outcomes for newborns, preterm birth (and 
